The process of adaptive enzyme formation has aroused considerable interest through the years. In view of the interesting results of several recent investigations of the effects of radiations on adaptive enzyme formation (Spiegelman et al., 1951; Swenson and Giese, 1950; Brandt et al., 1951; Billen and Lichstein, 1952; Swenson, 1950) it seemed desirable to investigate the effects of x-rays on the adaptive formation of the enzyme in which we are particularly interested, the lac-
During the course of this study a related problem was encountered, namely the relationship between adaptive enzyme formation and lysogenic phage production, and this also will be considered in this publication.
METHODS
The strains of E. coli used in this investigation were K-12, shown to be lysogenic by Lederberg (1951) , and W-1485,2 a strain derived from K-12 and sensitive to lambda, a phage liberated by K-12 . The medium employed was the standard Gray and Tatum (1944) synthetic minimal medium, except that NH4N03 was omitted and 1.25 g of NH4Cl were added per liter; the carbon source was glucose (0.08 per cent). Cells were grown in Fernbach flasks containing 500 ml of media. The flasks were shaken at 37 C for either 16 or 22 hours. The cells were harvested by centrifugation, washed once or twice with cold saline, resuspended in cold 0.05 M phosphate buffer at pH 7.0, and centrifuged in an International clinical centrifuge for 30 seconds. This short centrifugation removes a small quantity of easily water bath maintained at 37 C. Aliquots were removed at regular intervals and their lactase activity assayed. When activity of the supernatant was to be determined, each aliquot from the flask was centrifuged for 25 minutes at 20,000 g to remove the majority of the cells.
Lactase activity was determined by a modification of the method of Lederberg (1950) . Portions (2 ml) of a solution of 3 X 10-M o-nitrophenylp-D-galactoside in sodium phosphate buffer were added to tubes containing 1 ml of the test solution in the same buffer. The tubes then were incubated for 15 or 30 minutes at 37 C. Two ml of 1 M K2CO3 were added to stop the reaction and develop the color of the liberated o-nitrophenol. After 5 minutes the tubes were read in a KlettSummerson colorimeter using a 420 filter. Cell turbidity blanks and a substrate blank were run with each assay. All results are expressed in terms of the MM of o-nitrophenyl-f-D-galactoside hydrolyzed per ml of sample during a 30 minute incubation period at 37 C. In some cases the activity is expressed in terms ofthe protein content of the sample assayed. Cellular extracts were prepared by shaking aliquots from the flasks with glass beads at 2 to 4 C as described by Lester and Bonner (1952) and removing the cellular debris by centrifugation.
This procedure liberates more th._90 per cent of the original lactase activity. The protein content of extracts was determined by the method of Lowry et al. (1951) .
The agar layer technique (Adams, 1950) was used for lambda assays with the modifications suggested by Weigle and Delbriick (1951) . The number of K-12 cells induced to phage production by x-ray treatment was determined by plating aliquots of washed cells. For the assay of free lambda, aliquots of suspensions containing cells plus liberated phage were centrifuged at low speed to remove most of the cells without removing lambda. The supernatants were plated then with the sensitive strain. Viability counts are cells plus suspending solution) taken directly from culture flasks. Results obtained by this method (see table 2) appeared to disagree with the results of the extract analyses in that K-12 samples showed greater lactase activity as the x-ray dose was increased. However, determinations of lactase activity of K-12 supernatants provided the explanation for the apparent discrepancy. Extracts of lactose grown cells of strain K-12, as reported by Lederberg (1950) based on the number of colonies appearing on nutrient agar plates after 48 hours at 37 C.
RESUTS
The effects of x-rays on lactase formation in glucose grown cells of strains K-12 and W-1485 were determined initially by measuring the specific activity of cellular extracts. As can be seen in table 1 x-ray doses which had a marked effect on the viability of each strain had only a slight effect on their ability to form lactase adaptively. Doses of 20,000 r or greater generally caused a decrease in lactase. This decrease can be accounted for, in part, by reasons which will become clear later.
Lactase formation was followed also by assaying the lactase activity of aliquots (containing the suspending solution where it would show much greater activity. That the release of lactase into the suspending solution is the explanation for the increased lactase activity of samples containing irradiated K-12 cells can be seen in the last colurmn in table 2. In view of the fact that one major difference between strain K-12 and strain W-1485 is that strain K-12 is known to be lysogenic (Lederberg, 1951) Figure 1 also shows that there was considerable lysis of K-12 cells exposed to a dose of 20,000 r. A portion of the lysed cells was responsible for the appearance of phage and lactase in supernatants; however, there was usually appreciable lysis before the marked increase in phage titer and before lactase appeared in the suspending medium. The reduction by early lysis of the number of cells which will form more lactase accounts, at least in part, for the lower actual lactase In a recent study, Jacob (1951) has found that adaptation can still proceed in lysogenic bacteria induced to phage production. Monod and Wollman (1947) 
